Abstract. Polypropylene(PP)/Acrylonitrile butadiene rubber(NBRr)/rice husk powder(RHP) composites was fabricated with silane and acetic anhydride treatment agent. The in-situ formed RHP filled PP/NBRr composites were prepared by melt mixing technique using Haake internal mixer at 180 °C. The tensile properties of the both treatment methods were invesigated with Instron mechanical analysis. The results indicated that acetic anhydride treatment was found to exhibit better mechanical properties for RHP filled PP/NBRr composites. Good compatibility and stronger interaction between anhydride moieties with PP/NBRr was resulted.
Introduction
Addition of natural fiber in polymer have gain much interest lately among researchers. The major disadvantage encountered during the incorporation of natural lignocellulosic materials into polymers is the lack of good interfacial adhesion between the two components, which results in poor properties of the resulting material [1] . The polar hydroxyl groups on the surface of the lignocellulosic materials have difficulty in forming a wellbonded interface with a non-polar matrix, as the hydrogen bonds tend to prevent the wetting of the filler surfaces. Besides, the incorporation of lignocellulosic materials in a synthetic polymer is often associated with agglomerationas a result of insufficient dispersion, caused by the tendency of the fillers to also form hydrogen bonds with each other. This incompatibility leads to poor mechanical properties and high water absorption, especially when the matrix is hydrophilic.
Thus, in order to develop composites with good properties, it is necessary to improve the interface between the matrix and the lignocellulosic material. There are various methods for promoting interfacial adhesion in systems where lignocellulosic materials are used as fillers, such as esterification [1] [2] [3] , silane treatment [4, 5] , graft co-polymerization [6] , usage of compatibilizers [7] , plasma treatment [8] , and treatment with other chemicals [9] . These methods are usually based on the use of reagents, which contain functional groups that are capable of bonding to the hydroxyl groups of the lignocellulosic material, while maintaining good compatibility with the matrix. Interfacial compatibilization improves the stress transfer between the two components and leads to the improvement of mechanical and physical properties of the produced composites. Esterification by acetylation and silane treatment are the common chemical modification procedure, which has been studied the most [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . However, so far no work has been reported on mechanical and thermal comparison of RHP acetylation using acetic anhydride and silane treatment using γ-aminopropyltrimethoxysilane (γ-APS) chemical for the purpose manufacturing RHP filled PP/NBRr composites.
The aim of these work is to evaluate and compare tensile properties of the RHP filler PP/NBRr composite utilizing acetic anhydride (AA) and γ-aminopropyltrimethoxysilane (γ-APS) treatment agents in polymer waste recycled acrylonitrile butadiene rubber and polypropylene.
Experimental
The materials used for the preparation of RHP filled PP/NBRr composites are shown in Table1. Size: 300-500µm
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The rice husk powder were ground in a table type pulverizing machine (Rong Tsong Precision Technology Co. Product Id: RT-34) with speed of 2850 rpm, sieved at 300-500 µm in particle size and dried at 110 ºC for 24 hours in a vacuum oven to produce rice husk powder of homogeneous fractions.
Acetic anhydride treatment. The fibers were dipped in glacial acetic acid for 30 min. The acid was drained, and the fibers were dipped in 50% Ac solution and stirred for 1 h, with filler to solution ratio at 1:25. A few drops of concentrated sulfuric acid were also added as catalyze. The fibers are finally washed in distilled water for few times and then dried in the vacuum oven at 80 °C for 24 hours.
Silane treatment( γ-APS). The γ-APS treatment reaction for RHP was carried out in a mixture of water and ethanol (40/60 volume, respectively). 3g of γ-aminopropyltrimethoxysilane was first introduced into 1000 mL of the water/ethanol mixture and was allowed to stand for 1 hour. The pH of the solution was maintained at 4 by the addition of acetic acid. Then, 10g of RHP was added into the solutions, which were continuously stirred for 1.5 hours. The treated RHP was filtered, dried by air and then by vacuum oven at 80 °C for 24 hours.
Processing/Sample Preparation. Polypropylene (PP) was mixed with recycled acrylonitrile butadiene rubber (NBRr) and rice husk powder (RHP) at various loading 0, 5, 10, 15, 30 phr. Rice husk powder was dried at 110 ºC for 24 hours in a vacuum oven prior to mixing. A constant PP and NBRr was used at 70 phr and 30 phr respectively. Table 2 shows the formulation of PP/NBRr/RHP composites. S2  S3  S4  S5  S6  S7  S8  S9  PP  70  70  70  70  70  70  70  70  70  NBRr  30  30  30  30  30  30  30  30  30  RHP  -5  10  15  30  ----A c treated RHP  -----5  10  15 The composites were prepared by melt mixing using a Haake Rheomix Polydrive R 600/610 mixer at 180 0 C with the rotor speed of 50 rpm. PP was soaked in Ac and ɤ-APS for the RHP treated composite to allow possible in-situ grafting of PP and anhydride/ carbon chain of ɤ-APS by heat during mixing. However for control sample PP was first charged directly into the mixer and melted for 4 minutes, NBRr was added at the fourth minute, and the RHP was added at sixth minute. The mixture was allowed to further mix for another 3 minutes to obtain the stabilization torque. The total mixing time was 9 minutes for all samples. The recycled NBRr powder was dried for 24 h at 80 °C under vacuum prior to melt mixing in an internal mixer. The compounded samples were compression-moulded in a Go-Tech compression moulding machine. For test sample fabrication, the composites were preheated for 7 minutes at 180ºC, compressed at 1000 psi for 2 minutes, and then cooled for 2 minutes into 1mm thickness sheets. Moulded samples were then cut into dumbbell according to ASTM D 638 using Wallance die cutter S6/1/6.A.
Tensile test. The tensile properties were measured using an Instron 3366 machine with a crosshead speed of 5 mm/min at 25 ± 3 o C, according to ASTM D 638. Tensile strength, tensile modulus, and elongation at break of the each sample were obtained from the average of five specimens with their corresponding standard deviations.
Result and Discussion
Tensile Properties. Figures 1-2 show tensile properties of RHP filled PP/ NBRr composites as a function of filler content together with AA and ɤ-APS contribution. The tensile properties can be translated to the degree of reinforcement provided by the fiber to the composites [11, 12] . For tensile strength (Figure 1 ) in the control samples, it can be seen that tensile strength continuously decreased with increasing RHP filler content. The decreased in tensile strength may resulted due poor dispersion of the fibers in the matrix, increases of interfacial defects or de-bonding between the fiber and the matrix [13, 14] and filler moisture uptake.
Since the RHP is highly hydrophilic in nature its strong inter fiber hydrogen bonding allows them to attract together closely, thus resisted dispersion of the fiber, leads to weak interfacial bonding with consequent problems such as poor stress transfer, small void spaces, de-bonding in the resulting composites and picked up moisture during storage, processing and testing [10] .
In order to reduce the surface hydrophilicity, the fiber surface is treated with AA and ɤ-APS, respectively. The tensile strength for both treatment methods has increased and also shows higher strength than control composites at similar filler content with the 50-42% maximum improvement for AA and 35-25% for ɤ-APS. At similar filler ( 5phr), incorporation of AA into RHP filled composites has the highest tensile strength (18.1 MPa). This improvement is due to the interaction through chemical bonds between anhydride moiety of the AA and the hydroxyl groups in the fiber, which would form covalent bonds and ester linkages, thus improving fiber-matrix bonding. With strengthening of the interfacial interaction between RHP and matrix by anhydride, the resultant efficient stress transfer from the matrix to the fiber leads to enhance in tensile strength.
Application of ɤ-APS did resulted in some increment of the tensile strength for all filler content but however decreases with increasing RHP filler content. The result indicates that the usage of ɤ-APS as coupling agent was proven to be effective in enhancing dispersion, adhesion and compatibility of systems consisting of a hydrophilic filler and a hydrophobic matrix through modification of polymer-filler interface [9] .
Advanced Materials Research Vol. 795 Elongation at break (E B ) of control composite and A c -treated/ ɤ-APS-treated RHP filled PP/NBRr composites is shown in Figure 2 . The E B is maximum for control composites up to 5 phr of filler content, but then decreased steadily at higher filler content. The presence of ɤ-APS and A c further decreased even though at the lowest filler content. For both cases, once the composites become harder and stiffer, the E B is certainly lowered. The improved adhesion in the presence of bonding agent restricts the mobility of polymer segments, which finally results in a reduction in elongation [16] . Similar behavior has been also reported by many researchers [4] [5] [6] [7] [8] . They found that the decreased in E B at lower filler content may be due to low E B of the fiber and this restrict the polymer molecules flowing past between each other. In contrast with the Young's modulus of the composires(discussed later), incorporation of AA yields composites with the E B of compatibilized composites lower than that of ɤ-APS treated composites and control composites. The lower E B of compatibilized composites was associated with its larger stiffnes, as well as dramatic increased in Young's modulus due to the rigidity of the composites. It is possible that the increase in stiffness upon addition of A c made the composites more brittle.
Conclusion
The following conclusions can be made based on the results presented in this work. The tensile modulus increases with increasing RHP filler loading for all composites attributed to the brittle nature of RHP filler. Acetic anhydride (AA) treatment in comparison with Silane(ɤ-APS) treatment was found to exhibit better mechanical properties for RHP filled PP/NBRr composites. This may due to the enhance adhesion between RHP filler and PP/NBRr matrix's .
